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DEFLECTION METHOD AND SYSTEM FOR
USE IN A CHARGED PARTICLE BEAM
COLUMN

FIELD OF THE INVENTION

The present invention 1s 1n the field of inspection tech-
niques of the kind utilizing irradiation of a sample by a
focused beam of electrically charged particles, such as
clectrons, positrons, or 1ons, and relates to a deflection
method and system, and a focusing/deflecting assembly
utilizing the same, for use 1n a charged particle beam
column.

BACKGROUND OF THE INVENTION

Charged particle beam columns are typically employed in
scanning electron microscopy (SEM), which is a known
technique widely used 1n the manufacture of semiconductor
devices, being utilized in CD metrology tools, the so-called
CD-SEM (critical dimension scanning electron microscope)
and defect review SEM. In an SEM, the region of a sample
to be examined 1s two-dimensionally scanned by means of
a focused primary beam of electrically charged particles,
usually electrons. Irradiation of the sample with the primary
electron beam releases secondary (and/or backscattered)
clectrons. The secondary electrons are released at that side
of the sample at which the primary electron beam 1is incident,
and move back to be captured by a detector, which generates
an output electric signal proportional to the so-detected
clectric current. The energy and/or the energy distribution of
the secondary electrons i1s indicative of the nature and
composition of the sample.

SEM typically includes such main constructional parts as
an electron beam source (cathode having a small tip called
“electron gun), an electron beam column, and a detection
unit. The electron beam column comprises inter alia a beam
aligning means (the so-called “alignment coils™), a beam
shaping means (stigmator), and a focusing/deflecting assem-
bly including a lens arrangement and a deflection system for
directing a primary electron beam onto a sample and direct-
ing secondary electrons towards one or more detection unit.
The deflection of the primary beam provides for scanning
the beam within a scan area on the sample, and also for
adjusting incidence of the primary beam onto the sample (an
angle of incidence and/or beam shift).

Some systems of the kind specified utilize an objective
lens arrangement 1n the form of a combination of a magnetic
objective lens and an electrostatic lens, the so-called “com-
pound magnetic-electrostatic lens” (e.g., WO 01/45136 and
EP 1045425 both assigned to the assignee of the present
application, and WO 01/56056). The electrostatic part of the
compound magnetic-electrostatic lens 1s an electrostatic
retarding lens (with respect to the primary charged particle
beam), and has two electrodes held at different potentials,
one of the two electrodes being formed by a cylindrical
anode tube which 1s arranged within a magnetic objective
lens along its optical axis, and the other electrode being a
metallic cup provided below the magnetic objective lens. A
need for a retarding field 1s associated with the following. In
an SEM, 1n order to reduce the “spot” size of the electron
beam up to nanometers, a highly accelerated electron beam
1s typically produced using accelerating voltages of several
tens of kilovolts and more. Specifically, the electron optic
elements are more effective (i.e., produce smaller
aberrations) when the primary electrons are accelerated to
high kinetic energy. Generally, the landing energy of the
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primary electron beam 1s defined by the potential difference
between the cathode (a source of primary electrons formed
with a small tip called “an electron gun) and the sample. To
achieve the desired acceleration of electrons, an appropriate
potential difference between the cathode and anode (which
1s typically 1n the form of a tube defining a primary beam
drift space for the primary beam propagation to the sample)

should be provided. For example, the cathode voltage V_ can
be about (-1) kV and the anode voltage V  can be about (+8)
kV. Hence, the electrons are accelerated on their way
towards the magnetic objective lens having the velocities of
9 keV However, 1t has been observed that such a highly
energized electron beam causes damage to resist structures
and 1ntegrated circuits, and, 1n the case of dialectical
samples, causes the undesirable charging of the sample. To
avold these effects, a retarding field 1s created in the vicinity
of the sample. The electric field created by the electrostatic
lens also facilitates the extraction of secondary charged
particles from the sample.

The above-mndicated publication WO 01/56056 also dis-
closes the use of a magnetic deflector integrated into a
magnetic objective lens, which has an excitation coil and
upper and lower pole pieces. The magnetic deflector com-
prises excitation coils located on the lower pole piece of the
magnetic lens, and the lower pole piece 1s divided into four
pole piece segments, each segment having its corresponding
additional excitation coil of the detlector. The additional
excitation coils are wrapped around the pole piece segments
of the magnetic lens, so that by exciting one the additional
excitation coils, a magnetic field 1s generated in the corre-
sponding segment of the lower pole piece. The magnetic
field 1s basically perpendicular to the path of the electron
beam (to the optical axis). Accordingly, a magnetic field
across the path of the electron beam 1s generated which leads
to a deflection of the electron beam. Due to the segments of
the lower pole piece of the magnetic lens, the magnetic field
1s guided to an area close above the sample and generates the
required strong deflection field. The segments of the lower
pole piece of the magnetic lens at the same time also guide

the magnetic field generated by the excitation coil of the
magnetic lens.

SUMMARY OF THE INVENTION

There 1s a need 1n the art to improve the control of charged
particle beam propagation through a lens arrangement 1n a
charged particle beam column towards a sample under
inspection, by providing a novel deflection method and
system, and a lens arrangement utilizing the same.

The present invention 1s aimed at increasing the deflecting
magnetic field at the optical axis of the lens arrangement in
the vicinity of the sample’s plane at a given electric current
through the excitation coils of the magnetic deflector, or
obtaining a high magnetic field with a lower electric current
through the excitation coils of the deflector. This allows for
obtaining a desirably high deflecting magnetic field within
the closest vicinity of the sample at the optical axis of the
lens arrangement, without increasing a working distance,
also 1n cases where the electrode of an electrostatic retarding
lens 1s located between the magnetic objective lens and the
sample.

The term “working distance” 1s typically referred to as a
distance between the electrode of the lens arrangement
closest to the sample’s plane and the sample’s plane. This
distance should be as small as possible, and the minimal
possible working distance 1s typically defined by an arcing
problem. The present invention provides for concentrating
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the magnetic deflecting field at the optical axis of the lens
arrangement 1n the vicinity of the sample’s plane without
affecting (increasing) the working distance, by providing a
pole piece assembly at least partly located within the mag-
netic field of a magnetic deflector.

The problem solved by the present invention 1s associated
with the following: To enable effective control of the mag-
netic field intensity in the vicinity of a sample (either
grounded or not), an electrode closest to the sample should

be formed with an opening as small as possible (e.g., of
about 2 mm). Making the external pole piece of the magnetic
objective lens with such a small opening will result 1n
non-homogeneity of the magnetic and electric fields (due to
the gaps between the pole piece segments of the magnetic
objective lens or pole pieces of a magnetic deflector, as the
case may be), and accordingly, in a distorted (blurred) image
of the wrradiated area of the sample. Using a larger inner
diameter of the pole pieces 1s inetfective for both controlling
the field intensity and deflection, since this requires a higher
power supply resulting 1n undesirable heating of the pole
pieces. In the above-described prior art constructions utiliz-
ing an electrostatic lens formed by the anode- and cup-
clectrodes, the reduction of the mner diameter of the mag-
netic objective lens or that of the deflector on the lens is
limited by the funnel of the anode tube having a 15 mm
diameter (under 8 KV and more voltage) inside the magnetic
lens and the cup-electrode below the magnetic lens.

The present mvention overcomes the above problem by
providing the pole piece assembly, which conducts the
magnetic field created by a magnetic deflector towards the
optical axis of a lens arrangement (including a magnetic
objective lens and optionally also an electrostatic lens). This
increases the effectiveness of deflection by increasing a
magnetic field for a given electric current through the
excitation coils of the deflector (power supply). In this
connection, 1t 1s important to note that it 1s often desired to
operate with the so-called t1lt mode, when a primary charged
particle beam 1mpinges onto a sample along an axis forming,
a certain angle with the sample’s surface. The tilt mode 1s
usually utilized to mnspect samples that have a surface relief,
1.e., pattern 1n the form of a plurality of spaced-apart
ogrooves, to detect the existence of a foreign particle located
inside a narrow groove. The tilt mode 25 can be achieved by
passing higher electric currents through the excitation coils
of the magnetic deflector, as compared to those of a normal
mode of operation (i.e., the primary charged particle beam
impinges onto the sample with substantially zero angle of
incidence). The present invention facilitates operation with
the tilt mode, since 1t provides for increasing a deflecting
magnetic field at a given electric current through the exci-
tation coils of the deflector.

Thus, according to the invention, a magnetic deflecting
field 1s created by a magnetic deflector having excitation
coils and preferably pole pieces (generally, at least two pole
pieces), and conducting the magnetic field of the deflector to
the optical axis by a pole piece assembly at least partly
located in the magnetic field of the deflector (having a
magnetic contact surface with the pole pieces of the
deflector). The pole piece assembly has a portion made of a
solt magnetic material and 1s formed with an opening for a
charged particle beam passage therethrough. The pole piece
assembly, when mounted 1n the focusing/deflecting assem-
bly of the column, 1s located such that the optical axis of the
lens arrangement 1ntersects with said opening.

The pole pieces of the magnetic deflector and the pole
piece assembly are preferably electrically insulated from
cach other, and may be accommodated adjacent to each
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other or partly overlapping. The pole piece assembly may be
constructed such that i1t has at least two pole piece elements
partly or completely separated from ecach other by gaps.
Alternatively, the pole piece assembly may be 1n the form of
a single pole piece element (e.g., shaped like a disc) with the
opening, in which case the pole piece assembly and the pole
pieces of the detlector partly overlap each other.

Each of the at least two pole piece elements of the pole
piece assembly may be separately operated by a voltage
supply, thereby enabling beam scanning of the sample along
at least one axis. By providing at least four pole piece
clements 1n the pole piece assembly, scanning along two
mutually perpendicular axes can be achieved.

Preferably, the pole piece assembly also comprises a
central portion, which 1s formed with said opening and is
made of a non-magnetic metal, and 1s surrounded by said
portion made of the soft magnetic material. This central

portion made of the non-magnetic metal may thus serve as
the electrode of an electrostatic lens, the other electrode
thereof being either an anode tube or the pole piece of a
magnetic objective lens.

There 1s thus provided according to one aspect of the
present 1nvention, a deflection system for use 1n a lens
arrangement of a charged particle beam column for 1nspect-
ing a sample, the system comprising;:

a magnetic deflector operable to create a magnetic field;

a pole piece assembly which has a portion made of a soft

magnetic material and 1s formed with an opening for a
charged particle beam passage therethrough, the pole
piece assembly being accommodated so as to be at least
partly located within the magnetic field of the magnetic
deflector to thereby conduct at least a portion of the
magnetic field created by the deflector through the pole
piece assembly towards said opening.

According to another aspect of the present invention,
there 1s provided an electrostatic lens for use 1n a lens
arrangement of a focusing/deflecting assembly 1n a charged
particle beam column for inspecting a sample, wherein the
focusing deflecting assembly comprises a magnetic
deflector, the electrostatic lens comprising an electrode that
1s formed with an opening for a charged particle beam
passage therethrough and 1s made of a non-magnetic metal;
and comprising a pole piece assembly made of a soft
magnetic material surrounding said electrode.

According to yet another aspect of the present invention,
there 1s provided a focusing/deflecting assembly for use in a

charged particle beam column for ispecting a sample,
wherein:

the focusing/deflecting assembly comprises a lens
arrangement and a deflection system,;

the lens arrangement comprises an objective magnetic
lens and an electrostatic lens having an electrode made
ol a non-magnetic metal and formed with an opening
for a charged particle beam passage therethrough, said
clectrode bemng accommodated downstream of the
magnetic objective lens with respect to a direction of a
charged particle beam propagation towards the sample,
such that an optical axis of the lens arrangement
intersects with said opening;

the deflection system comprises a magnetic deflector and
a pole piece assembly having a portion made of a soft
magnetic matertal which surrounds said electrode of
the electrostatic lens.

The present invention, also provides according to its yet
another aspect, a method of controlling a beam propagation
through a lens arrangement of a charged particle beam
column for mspecting a sample, the method comprising:
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creating a magnetic deflecting field; and

conducting at least a portion of said magnetic field

towards an optical axis of the lens arrangement.

The terms “primary beam” and “primary charged particle
beam” used herein signify a charged particle beam, which 1s
formed by charged particles generated by a source (cathode),
and which 1s to be directed to a sample to knock out charged
particles forming a “secondary beam” (also referred to as
“secondary charged particle beam™), which is to be detected.

The charged particle beam may be an electron beam or a
focused ion beam (FIB). The present invention may be used
with an SEM or a similar tool applied to a specimen, ¢.g., a
semiconductor wafer, for 1imaging, measurements,
metrology, mspection, defect review or such purposes. For
example, the present invention may be used for CD
measurements, line profile measurements, copper-
interconnects mspection/measurements, typically performed
after a photolithography process, for automatic defect
classification, etc.

BRIEF DESCRIPTION OF THE DRAWINGS:

In order to understand the invention and to see how 1t may
be carried out 1n practice, a preferred embodiment will now
be described, by way of non-limiting example only, with
reference to the accompanying drawings, in which:

FIG. 1 1s a schematic 1llustration of a part of a charged
particle beam column associated with a focusing/detlecting
utilizing a deflection system according to the 1nvention;

FIGS. 2A and 2B are, respectively, top and cross-sectional
side views of the deflection system according to one
embodiment of the invention;

FIGS. 3A and 3B are, respectively, top and cross-sectional
side views of the deflection system according to another
embodiment of the 1nvention;

FIGS. 4A to 4C are schematic illustrations of three
examples, respectively, of a pole piece assembly used 1 the
deflection system of the present invention; and

FIG. § 1llustrates experimental results showing the mag-
netic field at the optical axis of the lens arrangement
achieved with the deflection system of the mmvention utiliz-
ing the pole piece assembly, as compared to that obtained
with a deflection system having no such assembly.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring to FIG. 1, there 1s illustrated a part of a charge
particle beam column (such as an SEM) including a
focusing/detlecting assembly, generally at 10, associated
with a sample S under inspection. The focusing/deflecting,
assembly 10 includes a lens arrangement 12 defining an
optical axis OA, and a deflection system 18. The lens
arrangement 12 includes an objective lens 14 and, in the
present example, also includes an electrostatic lens 16. The
objective lens 14 1s typically a magnetic lens formed by
excitation coils 14 A and two pole pieces 14B and 14C. In the
present example, the electrostatic lens 16 1s formed by three
electrodes 16A, 16B and 16C, wherein the lower end of an
anode tube 20 serves as the first electrode 16 A, the sample’s
surface serves as the second electrode 16B, and the third
electrode 16C (the so-called cup-electrode) is located
between the electrodes 16A and 16B, and serves for regu-
lating an electric field created 1n the vicinity of the sample.

It should be understood that any other suitable design of
the electrostatic lens 1s possible. It should also be understood
that such an electrostatic lens serves as a retarding immer-
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sion lens for decelerating a primary electron beam propa-
cgating to the sample, while the electric field created by this
lens facilitates the extraction of secondary electrons
knocked-out from the sample by the primary electron beam.
For example, the cathode voltage can be about (-1) kV and
the anode voltage can be about (+8) kV. Hence, the primary
clectrons are accelerated on their way towards the magnetic
lens 14, and have the wvelocities of 9 keV To create the
retarding field, the voltage applied to the electrode 16B
(sample’s surface) is typically substantially less than that of
the anode. For example, the case may be such that the
sample 1s grounded and the electrodes are biased, that 1s the
following voltages may be applied to, respectively, the

cathode, anode and the third electrode 16C: (-1) kV; (+8) kV
and (+3) kV.

It should also be noted that for the primary electron
deceleration purposes, the provision of any electrostatic lens
as an actual physical element 1s optional. The same effect of
the electrons’ deceleration, namely the creation of a retard-
ing electric field, may be achieved by applying appropriate
voltages to the anode and sample, or to the anode, pole piece
of the magnetic objective lens and sample. The following are
two possible examples of the electric parameters: (1) the
sample 1s biased to (=5) kV, the anode voltage is equal to
zero and the cathode voltage 1s (-6) kV; (2) the sample is
biased to (-3) kV, the magnetic lens’ pole piece voltage 1s
equal to zero, and the anode and cathode voltage are,
respectively, (+5) kV and (-4) kV. As for extracting the
secondary electrons, the provision of such an additional
clectrode 16C 1s preferred.

The deflection system 18 includes a magnetic deflector 22
and a pole piece assembly 24. The pole piece assembly 24
has a portion 28 made of a soft magnetic material (¢-metal),
such as Conetic AA having about 79% Ni, or Conetic B—B
having about 45% Ni). In the present example, the cup-
clectrode electrode 16C forms a part of the pole piece
assembly 24. Thus, 1n the present example, the pole piece
assembly 24 has a disc-like shape with the central portion
16C that 1s made of a non-magnetic metal, such as
aluminum, stainless steel, copper, etc. and 1s formed with a
central opening 26 for the electron beam passage there-
through (primary and secondary electrons), and has the
periphery portion 28 made of a soft magnetic material. The
thickness of the portion 28 1s, for example, about 1 mm.

The pole piece assembly 24 1s at least partly accommo-
dated within the magnetic field created by the deflector 22,
and conducts this magnetic field towards the opening 26
(i.c., towards the optical axis OA of the lens arrangement).
By this, the deflecting field at the optical axis OA 1n the
vicinity of the sample can be increased at a given electric
current through the excitation coils of the magnetic deflector
without affecting a working distance d, 1.e., a distance
between a plane PP of the electrode of the lens arrangement
closest to the sample’s plane SP (the cup-electrode 16C in
the present example) and the sample’s plane SP. For
example, with the HAR mode (e.g., the cup-electrode volt-
age being 3 kV (HAR mode), the working distance d of 0.8
mm can be obtammed with a distance d, between the
objective-lens’ plane OL and the pole piece assembly’s
plane PP being 4.2 mm.

Also provided 1n the focusing/deflecting assembly 10 1s
an additional deflector 30 that may serve for scanning the
primary beam and/or for operating together with the deflec-
tion system 18 to provide both the desired incidence of the
primary electron beam onto the sample (normal or tilt mode)
and scanning the primary beam. It should be noted that,
ogenerally, additional scanning coils located adjacent to the
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deflector 30 may be used. The use of two deflectors spaced-
apart along the optical axis for providing both desired
incidence and scanning of the primary electron beam 1is
disclosed 1n co-pending U.S. application Ser. No. 09/479,
664 assigned to the assignee of the present application, and
does not form part of the present invention.

FIGS. 2A and 2B 1illustrate the deflection system 18
according to one embodiment of the invention. As shown,
the magnetic deflector 22 has excitation coils, generally at

32, and pole pieces—iour such pole pieces 34 1n the present
example. Generally, the magnetic deflector 22 may be
formed with at least two pole pieces. The pole pieces
assembly 24 has the central portion occupied by the elec-
trode 16C made from the non-magnetic metal, and the
periphery portion 28 made from the soft magnetic material.
The pole piece assembly 24 1s accommodated such that the
optical axis OA intersects with the opening 26. As shown, 1n
the present example, the pole piece assembly 24 1s accom-
modated mside an opening 33 defined by the pole pieces 34
of the deflector 22, and 1s insulated from the pole pieces 34,
c.g., by a dielectric element 35 or by just spacing the
assembly 24 from the pole pieces 34 (vacuum between
them). The respective regions of the soft magnetic portion
28 of the assembly 24 form extensions of the pole pieces 34
of the magnetic deflector 22 to the optical axis OA. As also
exemplified 1n FIGS. 2A and 2B, the soft magnetic portion
28 of the pole pieces assembly 24 may be divided into at
least two separated pole piece elements—ifour such elements
38 being used 1n the present example.

As will be described further below, the provision of such
separated pole piece elements, as well as the complete
separation between them, 1s optional. However, 1 the por-
tion 28 is divided into the pole piece elements (partly or
completely separated from each other), the number of the
pole piece elements preferably corresponds to that of the
pole pieces 34 of the magnetic deflector 22 to provide better
homogeneity of the magnetic field 1n the vicinity of the
optical axis OA. If the entire pole piece assembly 24 is
located i1nside or slightly below the opening 33 of the
deflector 22, with no overlap between the assembly 24 and
the pole pieces 34, the above design of the assembly 24,
namely comprising at least partly separated pole piece
clements 38, 1s preferred.

FIGS. 3A and 3B 1illustrate the detlection system 18 of a

somewhat different design according to another embodiment
of the invention. Here, similar to the above-described
example, the pole piece assembly 24 comprises the soft
magnetic portion 28 surrounding the electrode 16C of the
clectrostatic lens. In distinction to the previous example, the
pole pieces assembly 24 of FIGS. 3A-3B 1s designed such
that its portion 28 (e.g., divided into several pole pieces 38
at least partly separated from each other) partly overlaps
with the pole pieces 34 of the magnetic deflector 22, being
located below the pole pieces 34 (closer to the sample’s
surface). In the present example, where the cup-electrode
16C forms a part of the assembly 24 and the separated pole
piece clements 38 of the assembly 24 overlap with the pole
pieces 34 of the deflector, a non-magnetic metallic element
39 (diaphragm) 1s preferably provided, being installed
within the gaps between the pole piece elements 38. This
provides for avoiding distortions of an electric field created
by a voltage supply to the electrode 16C.

Reference 1s now made to FIGS. 4A—4C showing three
different examples of the pole piece assembly 24 according
to the invention. In all these examples, the electrode 16C
forms the central portion of the assembly 24 and 1s shown 1n
dashed lines, since the provision thereof 1s generally

5

10

15

20

25

30

35

40

45

50

55

60

65

3

optional for the purposes of the present invention, 1i.e.,
conducting the magnetic field of the deflector 22 to concen-
trate 1t at the optical axis OA. The electrode 16C 1s prefer-
ably provided as the central portion of the assembly 24 to
create an electric field facilitating extraction of secondary
clectrons and/or decelerating primary electrons prior to their
incidence onto the sample.

In the example of FIG. 4A, a pole piece assembly 24A has

a single pole piece element 28A. This design 1s suitable to
be used 1n the example of FIGS. 3A-3B, where the soft
magnetic portion 28 of the assembly 24 partly overlaps with

the pole pieces 34 of the magnetic deflector 22. In the
example of FIG. 4B, the soft magnetic portion 28B has four
pole piece elements 38B which are partly separated from
cach other by gaps 40B. A pole piece assembly 24C of FIG.
4C has 1ts soft magnetic portion 28C divided into separate
pole piece elements 38C spaced by gaps 40C.

Turning back to FIGS. 2B and 3B, the soft magnetic
portion 28 (one or more pole piece elements, as the case may
be) of the assembly 24 is preferably electrically insulated
from the pole pieces 34 of the magnetic deflector 22. This 1s
implemented by spacing the portion 28 from the pole pieces
34 and, possibly, also locating the dielectric element 35
between them. In order to reduce a magnetic resistance of
the deflection system 18, the space (gap) between the soft
magnetic portion 28 of the assembly 24 and the pole pieces
34 of the magnetic deflector 22 should preferably be as small
as possible. For the same purpose, in the construction of
FIG. 3B, the width of the pole piece elements of the
assembly 24 1s preferably not less than that of the pole pieces
34 of the deflector 22. In other words, the entire surface of
magnetic contact between the pole piece elements of the
assembly 24 and the pole pieces of the deflector 22, defining
the surface through which the magnetic field created by the
deflector “penetrates” into the soft magnetic portion of the
assembly 24, should preferably be as large as possible. Thus,
the space (gap) between these surfaces should be reduced,
and the surface of magnetic contact should be i1ncreased, to
thereby reduce the field energy losses. To provide electrical
stability of the deflection system 18, the dielectric element
35 should preferably be of a small thickness. For example,
a thin Kapton film can be used as the dielectric element 35.

When selecting the optimal inner diameter of the soft
magnetic portion 28 of the assembly 24, the following
factors should be taken into consideration. The value of the
inner diameter of the soft magnetic portion 28 1s limited by
a required region of a homogeneous magnetic field 1n the
vicinity of the optical axis OA (near-axis region): the larger
this diameter the larger the region of the homogeneous field.
Making this inner diameter too small will result 1n that the
mechanical defects and defects of the magnetic material
strongly affect the homogeneity of the magnetic field in the
near-axis region. However, increasing this diameter reduces
the effectiveness of detlection.

As 1ndicated above with reference to FIG. 3B, the pole
piece elements 38 of the assembly 24 may be separated by
gaps with the non-magnetic metallic element 39 therein.
When using the cup-electrode 16C in the assembly 24, this
allows for avoiding the distortions of the electrostatic field
created by the cup-electrode. Thus, the assembly 24 may
comprise the cup-electrode 16C, and several electrically
separated pole piece elements 38 that are kept together by
the ring 39 made from a non-magnetic metal. This ring also
serves for mounting the assembly 24 onto the funnel of
anode tube.

It should be noted, that, in the absence of the cup-
clectrode 16C, making the element 39 from a dielectric
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material, can be used to provide electrical deflection (the
so-called “fast scanning”) by the assembly 24, in addition to
magnetic deflection. The fast scanning 1s used when selec-
tive imaging of the sample with a smaller field of view (as
compared to that of the main scan) is needed. A separate
voltage supply to the electrically insulated pole piece ele-
ments 38 allows for scanning the primary electron beam
either along one axis, if one pair of pole piece elements 1s
used, or along two mutually perpendicular axes, if at least

two pairs of such elements are used.

As also shown 1n FIGS. 2B and 3B, a magnetic flux B
ogenerated by the magnetic deflector 22 passes through the
pole pieces 34 of the deflector and penetrates into the
respective (adjacent) region of the soft magnetic portion 28
of the assembly 24, through a small gap and large surface of
magnetic contact. The magnetic flux B passes through the
assembly 24 towards the opening (i.e., towards the optical
axis OA), and while emerging from the portion 28 at the
opposite region thereol, enters the pole pieces of the detlec-
tor 22. Hence, a magnetic field required for the magnetic
deflection of the electron beam from or to the optical axis
OA (for example, to achieve a tilt mode or a beam shift) is
concentrated at the optical axis OA. If the cup-electrode 16C
1s used and 1s electrically insulated from the pole pieces of
the deflector, the cup-electrode can be operated by a separate
voltage supply to create a required electric field for decel-
erating primary electrons and accelerating secondary elec-
trons.

One of the important tasks of scanning electron micros-
copy 1s to achieve the primary beam tilt (when inspecting
patterned structures such as semiconductor wafers) and/or
beam shift deflection, with a minimal electric current
through the excitation coils of the magnetic deflector. The
present 1nvention solves this problem by providing the
deflection system 18 utilizing the magnetic deflector 22
preferably with pole pieces 34, and the pole piece assembly
24 (with or without the cup-electrode 16C).

The advantageous use of the deflection system 18 for the
above purpose 1s 1llustrated 1n FIG. 5, showing experimental
results obtained with the detlection system 18 of the present
invention, namely, including the magnetic deflector 22 hav-
ing the pole pieces and the additional pole piece assembly 24
(graph B,), and with the magnetic deflector 22 and no
additional pole assembly (graph B,). Graphs B; and B,
present the magnetic field created by the electric current
passage through the excitation coils of the deflector 22 and
measured at the optical axis of the lens arrangement, as
functions of the electric current through the excitation coils.
Graph B, was obtained with the assembly 24 design of FIG.
4C and the arrangement of FIGS. 3A—3B, with the following
conditions: the pole piece elements 38 are made of the
Conetic AA material of a 1 mm thickness; an inner diameter
of the pole piece elements 38 1s 8 mm; a gap between the
clements 38 1s 1 mm; the pole piece elements 38 and the pole
pieces 34 of the deflector 22 are spaced from each other at
a distance of 0.3 mm; an mner diameter of the pole pieces
34 of the deflector 22 1s 18 mm; and the magnetic contact
surface between the elements 38 and the pole pieces 34 1s 39
mm. Graph B, was obtained with the deflector 22 whose
pole pieces define the 18 mm 1nner diameter of the deflector.
As clearly seen 1n FIG. §, the use of the pole piece assembly
24 results in a higher magnetic field saturation value (160
Gauss) achieved at a 600 mA electric current through the
excitation coils (graph B,), as compared to the magnetic
field saturation value of 140 Gauss achieved at a 1200 mA
electric current without the use of the assembly 24. Thus, the
present 1nvention provides for obtaining approximately the
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same and even slightly higher magnetic field in the inner-
axis region with a 2 times less electric current through the
excitation coils. In order to provide the tilt mode of a 15°
angle between the axis of the primary electron beam and the
optical axis, a magnetic field of about 85 Gauss should be
provided 1n the vicinity of the optical axis. As clearly shown
in the graphs, the use of the magnetic deflector with pole
pieces and no pole piece assembly 24 enables to obtain this
magnetic field with the electric current of about 0.6A
through the excitation coils, and when using the pole piece
assembly 24, the electric current of about 0.3A 1s suflicient
to obtain the required magnetic field at the optical axis.
Accordingly, the use of the pole piece assembly provides for
significantly reducing the required power (I%).

Those skilled 1n the art will readily appreciate that modi-
fications and changes can be applied to the embodiments of
the 1nvention as hereinbefore exemplified without departing
from 1ts scope defined 1n and by the appended claims.

What 1s claimed 1s:

1. A deflection system for use 1n a lens arrangement of a
charged particle beam column for inspecting a sample, the
system comprising;

a magnetic deflector operable to create a magnetic field;

a pole piece assembly which has a portion made of a soft

magnetic material and 1s formed with an opening for a
charged particle beam passage therethrough, the pole
plece assembly being accommodated so as to be at least
partly located within the magnetic field of the magnetic
deflector to thereby conduct at least a portion of the
magnetic field created by the deflector through the pole
piece assembly towards said opening and wherein the
pole piece assembly 1s operable by a voltage supply to
create an electric field 1n the vicinity of the sample.

2. The system according to claim 1, wherein the magnetic
deflector comprises excitation coils and pole pieces.

3. The system according to claim 2, wherein a magnetic
contact surface exists between said portion made of the soft
magnetic materials and the pole pieces of the magnetic
deflector.

4. The system according to claim 2, wheremn said pole
pieces of the magnetic deflector and the pole piece assembly
are electrically msulated from each other.

5. The system according to claim 4, wheremn said pole
pieces of the magnetic deflector and the pole piece assembly
are spaced-apart from each other to form a gap therebe-
tween.

6. The system according to claim 5, wherein a dielectric
clement 1s located 1n said gap.

7. The system according to claim 1, wherein said pole
piece assembly 1s shaped like a disk with the opening.

8. The system according to claim 1, wherein said pole
piece assembly comprises at least two pole piece elements
made of the soft magnetic material and partly spaced from
cach other.

9. The system according to claim 1, wherein said pole
piece assembly comprises at least two pole piece elements
made of the soft magnetic material and separated from each
other by gaps.

10. The system according to claim 9, wherein an element
made of a non-magnetic metal 1s located 1n each of the gaps.

11. The system according to claim 9, wherein an element
made of a dielectric material 1s located 1n each of the gaps.

12. The system according to claim 1, wherein the pole
piece assembly comprises a central portion made of a
non-magnetic metal, which 1s formed with said opening and
1s surrounded by said portion made of the soft magnetic
material.
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13. The system according to claim 12, wherein pole pieces
of the magnetic deflector and the pole piece assembly are
clectrically insulated from each other.

14. The system according claim 12, wherein said pole
piece assembly 1s shaped like a disk with the opening.

15. The system according to claim 12, wherein said
portion of the pole piece assembly made of the soft magnetic
material comprises at least two pole piece elements partly
spaced from each other.

16. The system according to claim 12, wherein said
portion of the pole piece assembly made of the soft magnetic
material comprises at least two pole piece elements sepa-
rated from each other by gaps.

17. The system according to claim 16, wherein an element
made of a non-magnetic metal 1s located 1in each of the gaps
between the pole piece elements.

18. The system according to claim 16, wherein an element
made of a dielectric material 1s located 1n each of the gaps
between the pole piece elements.

19. An electrostatic lens for use 1n a lens arrangement of
a focusing/deflecting assembly 1n a charged particle beam
column for inspecting a sample, wherein the focusing
deflecting assembly comprises a magnetic deflector, the
electrostatic lens comprising an electrode that 1s formed with
an opening for a charged particle beam passage therethrough
and 1s made of a non-magnetic metal; and comprising a pole
piece assembly made of a soft magnetic material surround-
ing said electrode, wherein the pole piece assembly 1is
operable by a voltage supply to create an electric field 1n the
vicinity of the sample.

20. The lens according to claim 19, wherein said pole
piece assembly has a magnetic contact surface with pole
pieces of the magnetic detlector.

21. The lens according to claim 19, wherein said pole
piece assembly comprises at least two pole piece elements
partly spaced from each other.

22. The lens according to claim 19, wherein said pole
piece assembly comprises at least two pole piece elements
separated from each other by gaps.

23. The lens according to claim 22, wheremn an element
made of a non-magnetic metal 1s located 1n each of the gaps
between the pole piece elements.

24. The lens according to claim 22, wherein an element
made of a dielectric material 1s located 1n each of the gaps
between the pole piece elements.

25. A focusing/deflecting assembly for use in a charged
particle beam column for mspecting a sample, wherein:

the focusing/deflecting assembly comprises a lens
arrangement and a deflection system,;

the lens arrangement comprises an objective magnetic
lens and an electrostatic lens having an electrode made

10

15

20

25

30

35

40

45

50

12

of a non-magnetic metal and formed with an opening,
for a charged particle beam passage therethrough, said
clectrode bemng accommodated downstream of the
magnetic objective lens with respect to a direction of a
charged particle beam propagation towards the sample,
such that an opftical axis of the lens arrangement
intersects with said opening; and

a vole piece assembly being accommodated so as to be at
least partly located within the deflection system and
wherein the pole piece assembly 1s operable by a
voltage supply to create an electric field in the vicinity
of the sample.

26. A method of controlling a beam propagation through

a lens arrangement of a charged particle beam column for
inspecting a sample, the method comprising:

creating a magnetic deflecting field by a magnetic deflec-
tor having excitation coils and pole pieces;

conducting at least a portion of said magnetic field
towards an optical axis of the lens arrangement by
means ol a pole piece assembly having a magnetic
contact surface with the pole pieces of the magnetic
deflector; and

operating the pole piece assembly with a voltage supply.

27. The method according to claim 26, comprising elec-
trically insulating said pole pieces of the magnetic deflector
and the pole piece assembly from each other, thereby
enabling separate electric operation of the pole piece assem-
bly by a voltage supply.

28. The method according to claim 26, comprising cre-
ating an electric field 1n the vicinity of the sample to control
propagation of a secondary charged particle beam with the
sample, from the sample.

29. The method according claim 26, wherein said pole
piece assembly comprises at least two pole piece elements
made of the soft magnetic material and separated from each
other by gaps, the method comprising separately operating
said at least two pole piece elements by the voltage supply,
thereby controlling propagation of a primary charged par-
ticle beam towards the sample.

30. The method according to claim 29, wherein said
controlling comprises scanning the charged particle beam
within a scan areca of the sample along at least one axis.

31. The method according to claim 26, wherein the pole
piece assembly comprises a central portion made of a
non-magnetic metal, the method comprising creating an
electric field by the voltage supply to said central portion to
control propagation of a secondary charged particle beam,
produced by interaction of a primary charged particle beam
with the sample from the sample.
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